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PRELIMINARY AMENDMENT 



The Applicants respectfully submit the following 
amendment and remarks . 



I . Amendment 



Please cancel original claims 1 to 41 and add the 
following new claims: 



42. A method for the species-specific detection of a prokaryote 
or eukaryote in a biological sample, comprising the steps of 



(a) amplifying DNA from the biological sample using a 
nucleic acid amplification technique, 

wherein the amplified region of the DNA is flanked by 
conserved sequences, and 
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wherein amplification primers are used that contain the 
conserved sequences; 

(b) adding a sequencing primer to the amplif icates, 

wherein the primer hybridizes to the amplified sequence 
within a region that is conserved in the prokaryote or 
eukaryote , 

wherein the primer has been selected so that when a 
chain termination polymerization process is performed, 
then different elongates are obtained for different 
prokaryotes or eukaryotes, 

(c) performing a chain termination polymerization process 
to obtain an elogate,- 

wherein 1, 2, or 3 of the four possible dNTPs are used, 
or one of the four possible dNTPs is replaced by a 
chain termination NTP; 

(d) determining the length of the obtained elongate, 

whereby the prokaryote or eukaryote is detected by matching 
the obtained elongate with a reference elongate for the 
prokaryote or eukaryote. 
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43. The method of claim 42, further comprising, before 
amplification step (a) , at least one step selected from the 
group consisting of enriching, concentrating and multiplying 
the prokaryote or eukaryote . 

44. The method of claim 42, further comprising, before 
amplification step (a) , at least one step selected from the 
group consisting of isolating and enriching the DNA. 

45. The method of claim 42, wherein the nucleic-acid- 
amplification technique is selected from the group 
consisting of PCR, bDNA, LCR, 3SR, SDA and NASBA . 

46. The method of claim 42, further comprising the step of 

(e) using at least one further sequencing primer, whereby a 
further different elongate is obtained; and 

(f) determining the length of the obtained further 
elongate; 

whereby the prokaryote or eukaryote is detected by matching 
the plurality of obtained elongates with a plurality of 
reference elongates for the prokaryote or eukaryote. 



47. 



The method of claim 42, wherein 1, 2, or 3 of the four 
possible dNTPs are used during the chain termination 
polymerization process. 
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48. The method of claim 42, wherein one of the four possible 
dNTPs is replaced by a chain termination NTP during the 
chain termination polymerization process. 



49. The method of claim 46, wherein during the chain- termination 
reaction, of the four possible dNTPs, one is replaced by a 
chain termination NTP, 



wherein the polymerization is carried out in the presence of 
all the sequencing primers, and 



wherein each of the sequencing primers bears a different 
labeling . 



50. The method of claim 42, wherein at least one sequencing 
primer has a length of 15 to 3 0 nucleotides. 

51. The method of claim 42, wherein the chain termination NTP is 
selected from the group consisting of dideoxyribonucleoside 
triphosphate (ddNTP) , 3 1 O-methyl -NTP and 3 ' -amino-NTP . 

52. The method of claim 42, wherein the length of the elongate 
is determined by means selected from the group consisting of 
an electrophoretic method, mass spectrometric detection or 
fluorescence-correlation spectroscopy (FCS) . 
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53. The method of claim 42, wherein the length of the elongate 
is determined by matrix-assisted laser desorption ionization 
time-of -flight spectroscopy (MALDI-TOF spectrometry) . 

54. The method of claim 42, wherein the amplified DNA region is 
an rDNA. 



55. The method of claim 54, wherein the rDNA encodes an rRNA 
selected from group consisting of 16S and 18S. 

56. The method of claim 54, wherein the rDNA encodes an rRNA 
selected from group consisting of 23S and 28S. 

57. The method of claim 54, wherein the rDNA encodes an rRNA 
selected from group consisting of 5S and 5 . 8S . 

58. The method of claim 54, wherein the amplified DNA region 
encodes an rRNA spacer region. 

59. The method of claim 58, wherein the rRNA spacer region is 
selected from the group consisting of 16S/23S rRNA spacer 
and 18S/5.8S rRNA spacer (ITS1). 



60 . 



The method of claim 58, wherein the rRNA spacer region is 
selected from the group consisting of 23S/5S rRNA spacer and 
5.8S/28S rRNA spacer (ITS2). 
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61. The method of claim 42, wherein the amplification primers 
are primer pair SEQ ID NO 1 and 2 or the primer pair SEQ ID 
NO 3 and 4. 

62. The method of claim 42, wherein at least one chain 
termination polymerization process is performed and a 
sequencing primer is selected from the group consisting of 
SEQ ID NO 5, 6, 7, 8, 9, 10 and 11. 

63. The method of claim 62, wherein the sequencing primer is SEQ 
ID NO 5 or 6, and the chain termination NTP is ddA. 

64. The method of claim 62, wherein the sequencing primer is SEQ 
ID NO 7, 8 or 9, and the chain termination NTP is ddG. 

65. The method of claim 62, wherein the sequencing primer is SEQ 
ID NO 10 or 11, and the chain termination NTP is ddA. 

66. The method of claim 42, wherein the amplified DNA region is 
the cytochrome b gene from mitochondria, whereby the method 
detects a eukaryote . 

67. The method of claim 42, wherein the biological sample is 
blood and the prokaryote is selected from the group 
consisting of Staphylococcus aureus, Staphylococcus 
epidermidis, Streptococcus pneumoniae, Streptococcus 
pyogenes, Enterococcus faecalis, Neisseria meningitidis, 
Escherichia coli, Enterobacter spp., Proteus spp., 
Pseudomonas aeruginosa, Pseudomonas fluorescens , Pseudomonas 
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mendocina, Pseudomonas syringae, Haemophilus influenzae, 
Haemophilus ducreyi and Bactericides spp., whereby a sepsis 
inducer is detected. 



68. The method of claim 67, further comprising enriching steps, 

wherein the blood is introduced into a suitable quantity of 
lysis buffer by mixing one part by volume of blood with 4 
parts by volume of lysis buffer, 

wherein the lysis buffer consists of 109.5 g (0.32 M) 
sucrose, 1.221 g (lOmM) Tris-HCl, 10 ml (1%) Triton 
X-100, 1.016 g (5 mM) MgCl 2 to 1000 ml distilled water 
(pH 7.5) ; 

wherein the mixture is then incubated at room temperature 
for 5 minutes, and then layered over a suitable quantity of 
a buoyant density solution in a centrifuge tube, 

wherein 100 ml of the buoyant density solution consists 
of 10 ml (1.5 M) NaCl solution (87.6 g NaCl to 1000 
ml), 49.2 ml Percoll with a density of 1.13 ± 0.005 
g/ml, and 40.8 ml distilled water; 

wherein the tube is centrifuged at 1500 x g at room 
temperature for 30 minutes, and the pellet is preferably 
then washed twice with 0.15 M NaCl solution at room 
temperature, re-pelleted at 1500 x g, the bacteria pellet 
resuspended in TE buffer, 
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wherein the TE buffer is 10 mM Tris-HCl (pH 8), 
• ImM EDTA) ; and 

wherein the resuspension is digested with proteinase K at 
56 °C for 2 hours, and the proteinase K is then inactivated 
at 95°C for 15 minutes, 

whereby the lysate is used in amplifying step (a) . 

69. The method of claim 68, further comprising the step of 
purifying the lysate. 

70. The method of claim 68, wherein the lysate is further 
purified by means selected from the group consisting of a 
purification system based on a glass matrix for 
decomposition of bacteria and elimination of inhibitors of 
the amplification. 

71. The method of claim 42, wherein the biological sample is 
blood and the eukaryote is selected from the group 
consisting of flagellates, amoebas, sporozoa and ciliates, 
whereby protozoa are detected. 



72. The method of claim 42, wherein the biological sample is 

meat or meat juice and the prokaryote is salmonella, whereby 
salmonella is detected. 
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73. The method of claim 42, wherein the biological sample is 
fish spawn and the eukaryote is a fish. 

74. The method of claim 42, wherein the method is a medical 
diagnostic method. 

75. A method for obtaining bacteria from a biological sample 
further containing buffer and nonbacterial cells, comprising 
the steps of 

(1) subjecting the nonbacterial cells to lysis using from 1 
to 2 0 wt . % of a detergent selected from the group 
consisting of TWEEN (polyoxyethylene derivatives of 
sorbitan esters) , TRITON (octylphenol ethylene oxide 
condensate) and CHAPS (3- [N- (3-cholanamidopropyl) - 
dimethylammonio] -1-propane sulphate) ; 

(2) incubating the sample at room temperature for 5 
minutes ; 

(3) layering the mixture over a suitable quantity of a 
buoyant density solution with a density of 1.07 g/ml in 
a centrifuge tube; and 

(4) centrifuging the tube at 1500xg at room temperature for 
3 0 minutes; 

whereby the bacteria are obtained in a pellet suitable for 
further use. 
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76. The method of claim 42, further comprising, before 
amplification step (a) , the steps of 

(1) subjecting the nonbacterial cells to lysis using from 1 
to 20 wt.% of a detergent selected from the group 
consisting of TWEEN (polyoxyethylene derivatives of 
sorbitan esters) , TRITON (octyl phenol ethylene oxide 
condensate) and CHAPS (3- [N- (3 -cholanamidopropyl) - 
dimethyl ammonio] -1 -propane sulphate) ; 

(2) incubating the sample at room temperature for 5 
minutes ; 

(3) layering the mixture over a suitable quantity of a 
buoyant density solution with a density of 1.07 g/ml in 
a centrifuge tube; and 

(4) centrifuging the tube at 1500xgr at room temperature for 
30 minutes to obtain a pellet. 

77. The method of claim 75 or 76, wherein the pellet obtained is 
further washed twice with 0.15 M NaCl solution at room 
temperature and pelleted at 1500xg. 
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78. The method of claim 75 or 76, wherein a buoyant density 
solution is used, of which 100 ml consists of 10 ml (1.5 M) 
NaCl solution, 49.2 ml Percoll with a density of 1.13 ± 
0.005 g/ml and 40.8 ml distilled water. 

79. The method of claim 75 or 76, further comprising the step of 
subjecting the bacteria in the pellet to lysis. 

80. The method of claim 79, wherein in the lysing step, the 
bacteria pellet is resuspended in TE buffer and digested 
with proteinase K at 56 °C for 2 hours, and the proteinase K 
is then inactivated at 95 °C for 15 minutes, whereby a lysate 
containing bacterial DNA is obtained. 

81. A kit, comprising 

(a) lysis buffer, containing 1 to 20 wt . % detergent 
selected from the group consisting of TWEEN, TRITON or 
CHAPS ; 

(b) centrifuge tubes; and 

(c) buoyant density solution of density 1.07 g/ml. 



82. The kit of claim 81, wherein the lysis buffer consists of 
109.5 g (0.32 M) sucrose, 1.221 g (10 mM) Tris-HCl, 10 ml 
(1%) Triton X-100, 1.016 g (5 mM) MgCl 2 to 1000 ml distilled 
water (pH 7.5) . 
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83. The kit of claim 81, wherein the buoyant density solution 
consists of 10 ml (1.5 M) NaCl solution (87.6 g NaCl to 1000 
ml), 49.2 ml Percoll with a density of 1.13 + 0.005 g/ml and 
40.8 ml distilled water (per 100 ml buoyant density 
solution) . 

84. The kit of claim 81, further comprising components for the 
decomposition of bacteria and for DNA purification. 

85. The kit of claim 84, wherein the kit contains Proteinase K. 

86. A kit, comprising 

(a) vessels and components for a nucleic acid amplification 
technique, comprising 

an amplification primer containing a sequence that 
is conserved in a preselected prokaryote or 
eukaryote; 

(b) vessels and components for the implementation of at 
least one chain termination polymerization process, 
comprising 

at least one sequencing primer that hybridizes 
with a region within the sequences to be 
amplified, which is conserved in the preselected 
prokaryote or eukaryote; and 



(c) 



components for determination of the elongate length. 
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87. The kit of claim 81, further comprising 

(a) vessels and components for a nucleic acid amplification 
technique, comprising 

an amplification primer containing a sequence that 
is conserved in a preselected prokaryote or 
eukaryote; 

(b) vessels and components for the implementation of at 
least one chain termination polymerization process, 
comprising 

at least one sequencing primer that hybridizes 
with a region within the sequences to be 
amplified, which is conserved in the preselected 
prokaryote or eukaryote; and 

(c) components for determination of the elongate length. 



88. The kit of claim 86 or 87, wherein the sequencing primers 
are distinguishably labeled. 



89. The kit of claim 86 or 87, wherein a sequencing primer has a 
length of 15 to 30 nucleotides. 
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90. The kit of claim 86 or 87, wherein a component for the 
implementation of the chain termination polymerization 
process comprises 1, 2, or 3 of the four possible dNTPs . 

91. The kit of claim 86 or 87, wherein in a component for the 
implementation of the chain termination polymerization 
process, one of the four possible dNTPs is replaced by a 
chain termination NTP . 

92. The kit of claim 91, wherein the chain termination NTP is 
selected from the group comprising a ddNTP, 3 1 O-methyl-NTP 
and 3 1 -amino-NTP . 



93. The kit of claim 86 or 87, wherein the components for 
determination of the elongate length are selected from the 
group consisting of devices or means for implementation of 
an electrophoretic method, a mass-spectroscopic method and 
fluorescence -correlation spectroscopy. 

94. The kit of claim 86 or 87, wherein the kit is for the 
detection of prokaryotes, and comprises amplification 
primers having two highly conserved sequences from the rRNA 
region of the prokaryote. 

95. The kit of claim 94, wherein the amplification primers are 
primer pair SEQ ID NO 1 and 2 or the primer pair SEQ ID NO 3 
and 4 . 
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96. The kit of claim 94, wherein the kit comprises at least one 
sequencing primer that can hybridize with a conserved region 
of the rRNA region. 

97. The kit of claim 96, wherein a sequencing primer is selected 
from the group consisting of SEQ ID NO 5, 6, 7, 8, 9, 10 and 
11 . 

98. The kit of claim 97, wherein the kit comprises a mixture of 
the sequencing primers SEQ ID NO 5 and 6, a mixture of the 
sequencing primers SEQ ID NO 7 to 9, or a mixture of the 
sequencing primers SEQ ID NO 10 and 11. 

99. The kit of claim 86 or 87, wherein the kit is for the 
detection of sepsis inducers. 

II. Remarks 

The claims have been amended to replace the originally 
filed claims in the PCT application with new claims that conform 
better to U.S. practice. For example, plurals terms have been 
replaced with singular terms with the understanding that the term 
"comprising" anywhere in a claim encompasses the addition of 
further elements; lists of alternate limitations have been 
rewritten as Markush groups; multiple -dependent claims that 
depend from multiple-dependent claims have been reconfigured; and 
precatory wording from claims has been removed where it was not 
useful to define the invention. 
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In claim 42, rewritten from original claim 1, the terms 
"limited" and "preserved" have been replaced with "flanked" and 
"conserved" according to common scientific usage in the United 
States. Step (c) has been added to clarify that a chain 
termination polymerization process is actually performed to 
obtain the elongate used in step (d) . Previous optional steps 
(d) and (e) in original claim 1 have been moved to dependent 
claim 46 . 

Original claim 2 has been divided into new Markush 
claim 43 and Markush claim 44. 

Claims 3 to 7, 11 to 14 and 16 to 19, which originally 
depended from multiple previous claims in a European- style 
stacking arrangement, have been rewritten to depend from claim 
42, the broadest base claim for methods. 

Original 9 has been rewritten as claim 54 to clarify 
that the amplified DNA region is an rDNA. Claims 55, 56 and 57 
have been added to specify the particular rRNA that is encoded by 
the amplified rDNA. 

Original claim 10 has been rewritten as claim 58 to 
clarify that the DNA region is the amplified DNA region. Claims 
59 and 60 have been added to specify the particular rRNA spacer 
region that is encoded by the rDNA. 
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As to original claim 12, now claim 62, three dependent 
claims 63, 64 and 65 have been added to specify specific 
combinations of sequencing primers and chain termination NTPs. 

In claim 14, now claim 67, the names of the bacteria 
species have been italicized. Where more than one species is 
intended, the more common abbreviation spp. was used. 

In claim 68, we have reformatted original claim 15 and 
added the composition of TE buffer, based on the disclosure in 
the specification on page 20, lines 8 and 9. The optional 
limitation for further purification has been moved to claim 70. 

Claim 19 has been rewritten from a use claim to 
dependent method claim 74 . 

Claim 20 has been reformatted into claim 75 as a series 

of steps. 

Claim 25, which previously made reference to both 
claims 20 to 24 and claims 1 to 14, has been rewritten as claim 

76 to explicitly recite the steps in claim 1. Dependent claims 

77 to 80 now depend, directly or indirectly, from both claim 75 
and 76. 

In claim 26, the term "centrifuge pipes" has been 
replaced with "centrifuge tubes" in claim 81 according to 
customary usage, and as supported in the specification on page 
17, line 4. 
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Claim 28, which previously made reference to both 
claims 20 to 24 and claims 1 to 14, has been rewritten as claim 
83 to explicitly recite the steps in claim 1. 

In claim 31, the phrase "prokaryotes or eukaryotes in 
question to be detected" has been rewritten in claim 86 as 
"preselected prokaryote or eukaryote . " Also, the optional 
limitations in (b) have been moved to claims 88 and 89. 

Claim 35, which previously made reference to both 
claims 31 to 34 and claims 25 to 29, has been rewritten as claim 

87 to explicitly recite the steps in claim 31. Dependent claims 

88 to 99 now depend, directly or indirectly, from both claim 86 
and 87. 

The Examiner is invited to call the undersigned 
attorney or Cathryn Campbell with any questions. 



Respectfully submitted, 



June 18, 2002 



CAMPBELL & FLORES LLP 

4370 La Jolla Village Drive 

7th Floor 

San Diego, California 92122 
USPTO Customer No. 23601 



Calvin A. Fan 
Registration No. 38,444 
Telephone No. (858) 535-9001 
Facsimile No. (858) 535-8949 
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Method for the species -specific detection of organisms 

The invention relates to a method for the species-specific detection of 
■prokaryotes and eukaryotes and to kits for implementing said method. The 
invention relates especially to a method for the species-specific detection 
of sepsis inducers. 

The reliable detection of a very wide range of organisms, especially 
microorganisms such as bacteria, plays an increasing role in medical 
microbiology and is often a prerequisite for the targeted treatment of 
infections in humans and animals. In this connection, Giirtler et al . , 
(Microbiology 142 ' (1996) 3-16) and Scheinert et al . , J- Microbiol. Methods 
26 (1996) 103-117) have proposed the use of the 16S-23S rDNA and/or rRNA 
spacer-region for the typing and identification of bacteria. The sequences 
of rRNAs have to date been used most often for the identification of 
microorganisms. In the genome of prokaryotic and eukaryotic organisms, the 
operons for ribosomal RNAs (rRNAs) are organized so that, initially, an 
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extensive precursor rRNA is transcribed. These precursor RNAs essentially 
contain the following components in a 5' - 3' direction: 

Prokaryotes - ribosomal DNA includes sequences for: 

5' - 16S rRNA - transcribed 16S/23S rRNA-spacer - 23S rRNA - 
transcribed 23S/5S rRNA-spacer - 5S rRNA - 3' 

Eukaryotes - ribosomal DNA includes sequences for: 

5' - 18S rRNA - transcribed 18S/5.8S rRNA-spacer (ITS1) - 5 . 8S rRNA - 
transcribed 5.8S/28S rRNA-spacer (ITS2) - 28S rRNA - 3'. 

This general organization is present in all prokaryotes (Bacteria and 
Archaea) and eukaryotes (cf. e.g. B. Lewin, Genes V, Cell Press, Cambridge, 
Massachusetts/USA, 1994), with only very few exceptions, such as e.g. 
Archaeon Thermoplasma acidophilxm (Achenbach-Richter et al . , System. Appl . 
Microbiol. 10 (1988) 211-214) or Helicobacter (Tomb et al . , Nature 388 
(1997) 539-547)being known to date. 

It has emerged that the lengths of the rRNA- spacers are extremely variable 
and within a well-defined group of microorganisms, such as e.g. 
mycoplasmas, the length alone is a suitable means for assignment of 
microorganisms to this group (e.g. mycoplasmas) and can also to some extent 
be used for the identification of individual species within this group. 



In the method described by Gurtler et al . (loc. cat.) and Scheinert et al, 
(loc. cit.) for the typing and identification of bacteria using the 16S-23S 
rRNA/ rRNA spacer region, an amplification by polymerase chain reaction 
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(PCR-amplif ication) is initially carried out using suitable primers. The 
amplified spacers can then be gelelectrophoretically separated and detected 
using a suitable detection method, such as e.g. coloration with ethidium 
bromide or silver or by fluorescence detection. The position of the bands, 
i.e. the length of the amplified spacers, allows a preliminary conclusion 
regarding the microorganism/microorganism group detected in each case. 

For certain detection, especially for the recognition of individual 
species, a secondary length difference is generally required after defined 
restriction-enzymatic treatment of the amplified spacers. The individual 
species within a microorganism group, following gelelectrophoretic 
separation and hybridization with species- specif ic oligonucleotide probes 
produce a characteristic band pattern. 

These methods have the disadvantage that, for the detection of species - 
specific inducers, precise knowledge of the band pattern to be expected is 
required, and in addition an extremely large number of specific 
oligonucleotide probes must be available. The methods known to date in the 
state of the art are therefore not suitable for the routine detection of 
inducers in medical laboratories . 

With regard to sepsis, a serious, acute infectious disease, which is caused 
by certain bacteria getting into the blood circulation, the additional 
problem also arises, that these bacteria go out from a local inflammatory 
focus and become spread in thrusts through the blood or lymphatic system. 
Because of this cyclical fluctuation, relatively large quantities of blood 
are required for bacterial septic detection (approx. 5-10 ml for aerobic 
and anaerobic blood culture in each case) . With the means and methods 
currently available, this large sample volume is only manageable at 
considerable expense, as major contamination with foreign DNA (i.e. non- 
bacterial DNA) 
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leads to non-specific purification and thus to reduction of the specificity 
of a subsequent PCR. The large number of red blood corpuscles can further 
have an inhibiting effect on the PCR, and fairly large sample volumes are 
not generally suitable for commercially available kits, frequently 
resulting in blockage of the columns used for purification. 

The task of the present invention is therefore to make available a method 
for the detection of organisms (prokaryotes and eukaryotes) , e.g. in 
selected biological samples, which is simple to manage and suitable for 
routine use in medical laboratories. The method is further to have a high 
specificity with regard to a very large number of inducer groups, with it 
being possible to differentiate between individual species within these 
groups in a simple cost-effective manner, without the expense of 
experimentation. Finally, it is a task of the invention to make available a 
simple method enabling detection of microorganisms present only in low 
concentrations, as is the case e.g. at times in the cyclical development of 
sepsis. 

The task is solved according to the invention by methods according to 
Claims 1 to 17 and 19 to 24 and kits according to Claims 25 to 40. 

The invention thus relates to a method for the species-specific detection 
of prokaryotes or eukaryotes using nucleic acid amplification techniques, 
wherein an enrichment, concentration and/or multiplication of the 
prokaryotes or eukaryotes to be detected in a biological sample is possibly 
initially undertaken and/or the DNA present in the biological sample is 
separated and/or ' enriched. The amplification of the DNA is carried out 
using a nucleic acid amplification technique (NAT) , wherein, using 
amplification primers which contain the sequences preserved for the 
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organisms concerned, a region of the DNA is amplified, which is flanked by 
the preserved sequences . 

For implementation of the method according to the invention, any nucleic 
acid amplification techniques (NAT) familiar to the person skilled in the 
art can be used, preferably a NAT from the group consisting of PCR, bDNA, 
LCR, 3SR, SDA or NASBA. 

In ,the next step, a sequencing primer is added to the (isolated) 
amplificates, said primer being hybridized with a region inside the 
amplified sequences, which is preserved with the prokaryotes ' or eukaryotes 
to be detected. The sequencing primer of this method step described as 
"minisequencing" is chosen so that, for the prokaryotes or eukaryotes to be 
detected, in each case different elongates are obtained if chain- 
termination polymerization is carried out, using 1, 2, of 3 of the four 
possible deoxyribonucleoside triphosphates (dNTPs) or replacing one of the 
four possible dNTPs by a chain-termination deoxyribonucleoside triphosphate 
( chain- termination-NTP) . After determination of the growth in length 
obtained in each case (elongates; i.e. number of bases by which the 
amplificates have been elongated), which the products of chain-termination 
polymerization have compared with the amplificates, these values are 
compared with the elongates, which are to be expected for the organisms in 
question due to their sequence. A specific prokaryote or eukaryote present 
in the sample is detected if the observed (achieved) elongation and 
expected elongation match. 

In individual cases it may happen that several of the organisms present in 
the sample produce the same elongates (i.e. the same growth in length in 
comparison with the amplificates) if a single sequencing primer is used. 
Then, if necessary, one or more further sequencing primers is/are used, 
which hybridize(s) with a range/ranges within the amplified sequences, 
which is/are preserved in the case of the prokaryotes or eukaryotes to be 
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detected, wherein the further sequencing primer (s) is/are chosen so that 
different elongates are obtained in each case for the prokaryotes or 
eukaryotes to -be detected if chain- termination polymerization is carried 
out, wherein 1, 2 or 3 of the four possible dNTPs are used or one of the 
four possible dNTPs is replaced by a chain- termination NTP. After 
determination of the growth in length obtained in each case (elongates; 
number of bases by which the amplif icates have been elongated) , which the 
products of chain-termination polymerization have compared with the 
amplif icates, these values are compared with the elongates which are to be 
expected for the organisms in question due to their sequence. A prokaryote 
or eukaryote present in the sample is detected if, with use of the 
different sequencing primers, experimentally obtained elongation values 
(experimentally determined elongation pattern) match the elongation values 
to be expected for this organism (expected elongation pattern) . 

For the species-specific detection of organisms in biological samples, 
precisely so many different sequencing primers thus have to be used, until 
different elongation patterns are obtained for all organisms possibly 
present in the sample. In the example section this is illustrated with 
reference to the determination of sepsis inducers. 

The sequencing primers used in the chain termination polymerization 
preferably have a length of 15 to 3 0 nucleotides. Possible chain terminator 
NTPs are, e.g. dideoxyribonucleoside triphosphates (ddNTPs) , 3'0-methyl- 
NTPs, 3 ' -amino-NTPs and the like. 

According to a special embodiment of the invention the method can be 
implemented using several sequencing primers, wherein, in the chain 
termination reaction of the four possible dNTPs one is replaced by a chain 
termination NTP (e.g. ddA) , wherein the polymerization takes place in the 
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simultaneous presence of all the sequencing primers, wherein the sequencing 
primers each bear different labelling, making it possible to differentiate 
between the elongates in each case. 

The length of the elongates can be determined by methods known to the 
person skilled in the art, such as e.g. by means of electrophoretic 
methods , by mass spectrometric detection or, e.g. by fluorescence 
correlation spectroscopy (FCS) or comparable methods. In this connection it 
is advantageous preferably to mark the sequencing primer. If several 
sequencing primers are used, these should be marked differently, especially 
if the polymerization processes are carried out in a single reaction vessel 
using only one terminator (e.g. ddA) . Suitable markings, e.g. fluorescence 
labels, or labellings differing in mass, are well known to the person 
skilled in the art. 

According to an especially preferred embodiment of the invention the primer 
elongates are mass spectroscopically detected, MALDI-TOF spectrometry 
(Matrix-assisted laser desorption ionization time of flight spectrometry, 
cf. e.g. Fu et al . , Nature Biotechnol . 16 (1998) 381-384)) having proved 
especially advantageous, allowing detection of up to 2000 nucleotides or 
more . 

In this connection, "multiplex analysis", i.e. the simultaneous analysis of 
several sequencing primers with different target sequences, is 
advantageous. For this purpose the elongation reactions with differently 
labelled sequencing primers are carried out either in a reaction vessel 
using a single terminator (Alternative A) or in different reaction vessels 
using different terminators (Alternative B) , with the products of the 
(parallel) elongation reactions being united for the analysis in 
Alternative B. The necessary differentiation of the elongation products is 
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possible by labelling the oligonucleotides with: 

(a) 5' -terminal addition sequences, "tails" of different lengths (usable 
in all detection methods) , 

(b) different 5' -terminal additions which drastically change the 
development (in the case of standard polyacrylamide 
gelelectrophoresis, or highly-dissolving gelelectrophoresis such as 
plate gel, capillary or. array capillary gelelectrophoresis) or 
molecular weight (MALDI-TOF) . Examples of such additions are 
polyethylene glycol chain, cholesterine derivatives etc., 

(c) different fluorescence dyes (in the case of standard polyacrylamide 
gelelectrophoresis, combined with a fluorescence scanner; routinely in 
the case of highly-dissolving gelelectrophoresis, in principle also 
possible in the case of mass spectroscopic analysis, wherein 
overlapping elongation patterns can also be differentiated by means of 
characteristic molecular weight values and the extremely high 
dissolving capacity) . 

The method according to the invention is not in principle subject to any 
methodical restrictions to a specific group of organisms. A prerequisite 
for the certain (re-) recognition and differentiation of organisms is only 
that the target sequences (e.g. rRNA, rDNA) of the organisms to be detected 
are known. The method of organism determination according to the invention 
based on universal sequences, i.e. sequences essentially present in all 
organisms (such as e.g. ribosomal sequences) is therefore suitable for 
differential detection of definite groups of organisms of all species of 
prokaryotes and eukaryotes (bacteria, fungi, plants and animals) . 

Within the context of the present invention, the term "prokaryotes" means 
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representatives of the group of Bacteria and Archeae and includes all 
species falling within these groups. The term "eukaryotes" includes both 
single- and multi-cell organisms, such as, e.g. amoebas , trypanosomes , 
Plasmodia, yeasts, single- and multi-cell parasites, as well as plants and 
animals, and covers all species falling within these groups. 

Within the framework of the present invention, in principle all variable 
sequences flanked by preserved areas, which are present in all the 
organisms (to be detected) can be considered as target sequences. For 
example it is possible to utilize the variable rDNA sequences including 
rRNA spacers as target sequences. In addition however, other species- 
specific genes or gene sections can also be used as a starting point, e.g. 
cytochrome b gene from mitochondria (cf. Irwin et al . , J. Mol . Evol . 32 
(1991) 128-144) , which can be used for the species-specific detection of 
eukaryotes . 

The method according to the invention can be used in a very wide range of 
areas. The (micro- ) organisms mentioned in the following examples of use are 
however only representative of other representatives of the ranges of 
organism in question (prokaryota = bacteria, eukaryota = single- and multi- 
cell fungi, plants and animals) as differentiated in the biological 
classification system: 

a) Detection of sepsis inducers and other bacterial inducers (pathogens) 
in humans, animals and plants and in cell cultures thereof; 

b) Detection of single-cell organisms (protozoa: flagellates, amoebas, 
sporozoa, ciliates) as causes of e.g. intestinal diseases in humans and 
animals (especially farm animals) ; 



c) Detection of pests, contaminants, decay inducers and pathogens in 
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agriculture, animal husbandry, the food industry and in seeds: here 
again, defined groups of organisms from all the groups in the 
biological classification system (see above) can be differentiated and 
are expressly included, especially from the groups of bacteria, 
protozoa, fungi and arthropods; 

d) Detection of helminths (worms) as causes of intestinal diseases (e.g. 
diarrhoea) ; 

e) . Detection of fungi as inducers of fungal diseases in humans, animals 

and plants; 

f) Determination of species, breeds and origin in animal husbandry and 
plant cultivation, species breeding and agriculture, fisheries (e.g. 
sampling when checking catch quotas) and in food inspections ; 



g) Bio-diversity checks for defined groups of organisms such as, e.g. 
fresh- or saltwater fish including their larval . stages in Europe or 
other geographically delimited regions (e.g. for determination of stock 
numbers for catch quotas etc.), determination of main organisms for 
expert reports on water or soil. 



The method of the present invention can in particular be used universally 
in medical diagnostics, e.g. to clarify the question of which (groups of) 
inducers are present when a specific disease symptom is observed. Thus, for 
example, the causes of the following medically relevant disease symptoms 
can be determined by means of the method according to the invention: 



fever as a result of bacterial (sepsis), parasitic (e.g. malaria) or 
fungal inducers (e.g. Candida) in the blood; 
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Inf lamination of the brain or meningitis, i.e. headache, stiff neck, 
clouding of the consciousness due to bacterial (meningococcus, 
haemophilus influenza, pneumococcus , tubercular bacillus, E. coli, 
Listeria monocytogenes) parasitic (e.g. toxoplasmosis) or fungal 
infections (e.g. Cryptococcus neoformans) ; 

Infections of the respiratory tract, i.e. cough, phlegm, shortness of 
breath etc. due to bacterial (e.g. pneumococcus, chlamydia, 
mycoplasma), parasitic or fungal infections (e.g. Pneumocystis 
carinii) ; 

Eye infections, i.e. watering eyes, possibly pus, clouded vision etc. 
Possible causes may again include a number of bacterial (e.g. 
chlamydia, gonorrhoea, Stapylococcus aureus) or parasitic inducers 
(e.g. Toxoplasma gondii, Onchocerca volvulus etc.); 

Diarrhoea and weight loss etc. as a result of bacterial (e.g. 
salmonella, yersinia, Campylobacter, E. coli, vibrio, Clostridia, 
bacillus) parasitic (e.g. amoebas , giardia, Cryptosporidia) or fungal 
infections ( Candida) ; 

Pain on micturition, haematuria etc. as a symptom of urinary tract 
infection, e.g. caused by E. coli, staphylococcus, further 
enterobacteria such as Proteus mirabilis as bacterial inducers, Candida 
as a fungus, or schistosomes as parasitic inducers. This group also 
includes the inducers transmitted primarily sexually, such as e.g. 
chlamydia, gonorrhoea, syphilis, mycoplasmas etc. 

Skin infections, i.e. reddening of the skin, itching, blistering etc. 
due to fungal infections with dermatophytes such as e.g. trichophyton, 
epidermophyton and microsporon, bacterial infections (e.g. 
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staphylococcus or Steptococcus pyogenes) or parasitic diseases, e.g. 
leishmaniasis. 

By use of the method according to the invention, inducers can be detected 
species-specif ically, making possible treatments which are more targeted 
and thus often have fewer side effects than is the case with broader-based 
therapies . 

Within the context of the present invention, the term "biological samples" 
means all types of samples in which a restricted, well-defined group of 
prokaryotes or eukaryotes may be present. When the method according to the 
invention is used in medical diagnostics, the biological sample can be e.g. 
blood, faeces, swabs etc. (e.g. detection of sepsis inducers in blood, 
detection of protozoa in blood or faeces etc.) . In the detection of food 
contaminants, plant pests and the like, animal or plant tissue or fluids, 
e.g. meat or meat juice, can generally be used as a sample (e.g. detection 
of salmonella in meat, detection of plant pests in seeds) . Environmental 
samples, e.g. soil or water samples also come into consideration. In the 
case of fish stock analyses or, e.g. to determine species in fish farming 
and fisheries biology, spawn or a sample of plankton may also be used as a 
biological sample. 

The person skilled in the art is able to select the biological samples for 
the species-specific detection of organisms so that the group of organisms 
that may be present in the sample is limited and well-defined. Thus, for 
example, when clarifying a sepsis, the inducers responsible for this 
disease are known, so that, on examination of a blood sample, the clinical 
suspicion of sepsis can be confirmed, if, by using the method according to 
the invention, one or more of the bacteria listed in Table 1 is detected. 
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According to a special embodiment of the invention, a method for detecting 
sepsis inducers is thus made available, wherein the biological sample is 
blood and the organisms are selected' from the group consisting of 
Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus 
pneumoniae, Streptococcus pyogenes, Enterococcus faecalis, Neisseria 
meningitidis, Escherichia coli, Enterobacter spec, Proteus spec, 
Pseudomonas aeruginosa, Pseudomonas fluorescens, Pseudomonas mendocina, 
Pseudomonas syringae, Haemophilus influenzae, Haemophilus ducreyi and 
Bactericides spec. The method is preferably implemented, by introducing 
blood from the patient into buffer and subjecting the human cells to lysis, 
e.g. using from 1 to 2 0 wt . % Tween® (polyoxyethylene derivatives of 
sorbitan esters), Triton® or 3- [N- (3 -cholanamidopropyl) -dimethylammonio] -1- 
propane sulphate (CHAPS) . Blood introduced into lysis buffer by mixing one 
part by volume of blood with 4 parts by volume of lysis buffer is 
especially preferred,, wherein the lysis buffer consists of 109.5 g (0.32 M) 
sucrose, 1.221 g (lOmM) Tris-HCl, 10 ml (1%) Triton X-100, 1.016 g (5 mM) 
MgCl 2 to 1000 ml distilled water (pH 7.5), the mixture is then incubated at 
room temperature for 5 minutes, and then layered over a suitable quantity 
of a buoyant density solution with a density of 1.07 g/ml in a centrifuge 
tube and, at 1500 g, centrifuged at room temperature for 30 minutes, 
whereby the bacteria are obtained in a pellet (enriched) . According to a 
preferred embodiment of the invention, a buoyant density solution is used, 
of which 100 ml consists of 10 ml (1.5 M) NaCl solution (87.6 g NaCl to 
1000 ml), 49.2 ml Percoll with a density of 1.13 + 0.005 g/ml and 40.8 ml 
distilled water. 

The pellet is preferably then washed twice with 0.15 M NaCl solution at 
room temperature, pelleted at 1500 g, and the bacteria pellet re-suspended 
in TE buffer (10 mM Tris-HCl (pH 8) , 1 mM Na 2 EDTA) is subsequently digested 
with proteinase K at 56°C for 2 hours; the proteinase K is then 
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inactivated at 95 °C for 15 minutes, and the lysate obtained, which contains 
the bacterial DNA, is either used directly in a nucleic acid-amplification 
technique, or further purification is first carried out using e.g. a 
purification system based on a glass matrix (glass milk) for decomposition 
of bacteria, and/or elimination of inhibitors of the amplification. 

With regard to the buoyant density solution, instead of Percoll, sucrose or 
Ficoll can be used. The density of the buoyant solution should in each case 
be 1.07 g/ml. 

Then - as indicated above - a NAT generally known to the person skilled in 
the art is carried out, followed by chain termination polymerization. 

According to a preferred embodiment of the invention, in the detection of 
sepsis inducers, the primer pair according to SEQ ID NO 1 and 2 or the 
primer pair according to SEQ ID NO 3 and 4 are used as amplification 
primer, the primer pair according to SEQ ID NO 1 and 2 being especially 
preferred. For the chain termination polymerization, at least one 
sequencing primer from the group consisting of SEQ ID NO 5 , 6, 7, 8, 9, 10 
and 11 are used (cf. also D.J. Lane in "Nucleic Acid Techniques in 
Bacterial Systematics" , John Wiley & Sons 1991, pp. 115-175). Three chain 
termination polymerizations are especially preferably carried out, one 
reaction in the presence of the sequencing primer according to SEQ ID NO 5 
and 6 (preferably with ddA as terminator) , one reaction with the primers 
according to SEQ ID NO 7, 8 and 9 (preferably with ddG as terminator), and 
one reaction in the presence of the primers according to SEQ ID NO 10 and 
11 (preferably with ddA as terminator) . 

Advantages of the method of the present invention compared with length 
determination of the PCR fragments in an agarose gel with and without 
enzymatic restriction digestion include increased specificity (detection 
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certainty) in particular. Use of an internal primer and its elongation 
(with minisequencing, see above) results in a specific recognition of the 
PCR fragment and thus increased certainty within the meaning of an clear 
statement compared with the mere length determination of PCR fragments 
without an identity check as, e.g., in the case of Gurtler et al . 9cf. 
Microbiology 142 (199S) 3-16; W096/19585) . 

Approximately the same time is required to carry out the NAT (e.g. PCR) and 
the chain termination polymerization of the method according to the 
invention, as for a traditional method with PCR and subsequent enzyme 
treatment (cf. e.g. Gurtler, loc. cit. ) However, as the detection/ length 
determination of the elongates can be automated (e.g. by using MALDI-TOF 
spectrometry) , the final analysis can be carried out within seconds or 
minutes. In contrast, traditional gel analysis can, by its nature, only be 
automated with difficulty and is thus also more cost -intensive than the 
solution made available according to the invention. 

Moreover, the special advantage of the method according to the invention 
lies in the fact that, surprisingly, a simple and generally applicable 
method is made available, whereby species-specific detection of organisms 
is possible which - depending on the type of (biological) sample - belong 
to a limited, well-defined group of prokaryotes or eukaryotes . 

The method developed according to a partial aspect of the present invention 
for the isolation and/or enrichment of bacterial DNA (and also for the 
preparation/concentration of bacteria) can also be used in other areas of 
application as an isolated enrichment method - especially of biological 
samples from the group consisting of blood or blood products, meat juice, 
milk (waste) water or any other liquid that may contain bacteria. As 
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already mentioned, the method is characterized in that the biological 
sample is possibly introduced into buffer and the non-bacterial cells 
subjected to lysis, e.g. using from 1 to 2 0 wt . % Tween® (polyoxyethylene 
derivatives of sorbitan esters), Triton® or 3- [N- (3 -cholanamidopropyl) - 
dimethylammonio] -1-propane sulphate (CHAPS) . Alternatively, the above- 
mentioned preferred lysis buffer can be used in the same or similar 
proportions by volume. After incubation at room temperature for 5 minutes, 
the mixture is then layered over a suitable quantity of a buoyant density 
solution (see above) in a centrifuge tube. In the case of further 
processing including proteinase K digestion and subsequent proteinase K 
inactivation, the procedure indicated above for the example of sepsis 
inducers is preferably followed. The lysate obtained can e.g. either be 
used directly in a nucleic acid-amplification technique, or further 
purification is first carried out using e.g. a purification system based on 
a glass matrix for decomposition of bacteria, and/or elimination of 
inhibitors of the amplification. 

The advantages of the enrichment method according to the invention lie in 
the fact that the separation of a large quantity of DNA, e.g. originating 
from blood cells, is made possible. It is also advantageously possible to 
remove substances originating from the blood (haemoglobin etc.), which can 
inhibit the implementation of nucleic acid amplification techniques. 

Also within the framework of the present invention, kits are made available 
for implementation of the above-mentioned method. 

A kit for implementation of the method for preparation and/or concentration 
of bacteria from biological samples - especially from blood or blood 
products, meat juice, milk, (waste) water or any other liquid that may 
contain bacteria - contains 
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a) lysis buffer containing 1 to 20 wt . % Tween® (polyoxyethylene 
derivatives of sorbitan esters), Triton® or 3-[N-(3- 
cholanamidopropyl) -dimethylammonio] -1-propane sulphate (CHAPS) , 

b) centrifuge tubes, 

c) buoyant density solution with a density of 1.07 /ml, over which the 
biological sample is layered. 

The kit's lysis buffer consists especially preferably of 109.5 g (0.32 M ..... .ij rr 

sucrose, 1.221 g (10 mM> Tris HC1, 10 ml (1%) Triton x-100, 1.016 g (5 mM) 
MgCl 2 to 1000 ml distilled water (pH 7.5). 

The kit's buoyant density solution preferably consists of 10 ml 1.5 M NaCl 
solution (87.6 g NaCl to 1000 ml), 49.2 ml Percoll with a density of 1.13 + . 
0.005 g/ml, 40.8 ml distilled water (per 100 ml buoyant density solution). 

The kits for implementation of the method for isolation and/or enrichment 
of bacterial DNA can possibly contain further components which are required 
or suitable for (further) sample preparation. Thus the kits contain in 
addition components for decomposition of the bacteria and possibly for DNA 
purification (especially for the elimination of amplification inhibitors) 
or the like, such as e.g. components of commercial purification systems 
based on a glass matrix (i.e. QIAamp DNA kit) . In addition, such a kit will 
preferably contains Proteinase -K for the decomposition of bacteria. 

A kit for implementation of the method of species-specific detection of 
prokaryotes or eukaryotes from biological samples or environmental samples 
contains - possibly in addition to the components of one of the above- 
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mentioned kits for implementation of the DNA processing and enrichment 
method - the following components: 

a) Vessels and components for carrying out a NAT, including the 
amplification primer, wherein the amplification primer contains 
sequences which are preserved in the case of the particular 
prokaryotes or eukaryotes to be detected, 

b) Vessels and components for carrying out one or more chain termination 
polymerizations, including one or more (possibly labelled/possibly 
differently labelled) sequencing primers (preferably with a length of 
15 to 3 0 nucleotides) , which hybridize with a range within the 
sequences to be amplified, which is preserved in the case of the 
prokaryotes or eukaryotes to be detected. 

For implementation of the chain termination polymerization, the kit 
contains either 1, 2, of 3 of the four possible deoxyribonucleoside 
triphosphates (dNTPs) , or all four possible dNTPs, with one dNTP being 
replaced by a chain- termination deoxyribonucleoside triphosphate (such as 
e.g. a ddNTP, 3 ' O-methyl-NTP, 3 ' -amino-NTP or the like). 

The kit may possibly further contain components for determination of the 
elongate length (e.g. for carrying out electrophoresis) and/or 
corresponding components, that are necessary or useful for preparation of 
corresponding methods with which the elongate length can be determined. 
Such components will be clear to the person skilled in the art from the 
above description of the method for the species -specific detection of 
prokaryotes or eukaryotes, to which reference is expressly made in this 
connection. 
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According to a special embodiment of the invention, the kit is e.g. a kit 
for the detection of prokaryotes, especially sepsis inducers, which 
contains as amplification primer two highly preserved sequences from the 
rRNA region, preferably the amplification primers according to SEQ ID NO 1 
and 2 or according to SEQ ID NO 3 and 4 (the primary pair according to SEQ 
ID NO 1 and 2 being especially pref ered) , and/or at least one sequencing 
primer which hybridizes with one preserved area of the rRNA region, 
preferably at least one sequencing primer from the group consisting of SEQ 
ID NO 5, 6, 7, 8, 9, 10 and 11 (mixtures or blends of the sequencing 
primers according to SEQ ID NO 5 and 6, 7 to 9 and 10 and 11 in a single 
container or separate containers being especially preferred) . 

The present invention is explained in more detail below with reference to 
examples . 

Example 1 

Method for the enrichment of microorganisms in biological samples: 

In this example bacteria from blood were prepared/enriched . For this 
purpose blood was first placed in lysis buffer consisting of 10 9.5 g (0.32 
M) sucrose, 1.221 g (10 mM) Tris-HCl, 10 ml (1%) Triton X-100, 1.016 g (5 
mM) MgCl 2 to 1000 ml distilled water )pH 7.5), one part blood being mixed 
with four parts lysis buffer (e.g. 3 ml blood with 12 ml lysis buffer) and 
incubated at room temperature for 5 minutes. 

The blood- lysis buffer mixture was then poured onto a buoyant solution (5 
ml) and the whole solution of 1500g was centrifuged at room temperature 
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(RT) for 30 minutes. 100 ml of the buoyant density solution is made up as 
follows: 10 ml (1.5 M) NaCl solution (87.6 g NaCl to 1000 ml), 49.2 ml 
Percoll with a density of 1.13 (+/- 0.005 g/ml) , and 40.8 ml distilled 
water. Instead of Percoll, sucrose or Ficoll can be used. The density of 
the buoyant solution should in each case be 1.07 g/ml. 

The pellet in which the bacteria were to be found was then washed twice 
with 0.15 M NaCl solution at RT and pelleted at 1500 g. 

Proteinase K digestion of the bacterial pellet re-suspended in TE buffer 
(10 mM Tris HC1 (pH 8), 1 mM Na 2 EDTA) then took place at 56°C for two 
hours, and the proteinase K was then inactivated at 95 °C for 15 minutes. 
The lysate obtained was then used in the amplification. Alternatively 
commercial purification systems based on a glass matrix (i.e. QIAamp DNA 
kit) can be used for the decomposition of bacteria and for the elimination 
of inhibitors of the amplification. 



Example 2 

Detection of microorganisms by PCR-supported amplification and subsequent 
elongation of the amplif icates : 

The bacterial DNA obtained in Example 1 was subjected to PCR amplification 
and the amplificates obtained were then used in a chain termination 
polymerization process. These methods and the conditions under which these 
methods were carried out are well known to the person skilled in the art 
(cf. e.g. Garcia-Pichel et al . , Arch; Microbiol. 169 (1998) 469-482; Cha et 
al., PCR Methods and Application 3 (1993) pp. 18-29, (Manual Supplement); 
Tracy et al . , Bio Techniques 11 (1) (1991) 68-75). 
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Nucleic acid amplification: 

Using the PCR, the 16S rRNA regions were amplified with two highly 
preserved primers. For this purpose a 16S-5' terminal (SEQ ID NO 1) and a 
16S-3' terminal primer (SEQ ID NO 2) were combined, with one of the two PCR 
primers (in this case the 16S-5' terminal primer) containing a derivate 
suitable for immobilization, e.g. biotin. 

Instead of the 16S rRNA, the 16S-23S-rRNA spacer an also be amplified, 
possibly with the primers according to SEQ ID NO 3 ( 16S-proximal primer) 
and SEQ ID NO 4 (23S-proximal primer). 

It is obvious to the person skilled in the art that the result of the PCR 
is not fundamentally influenced by modification of the oligonucleotides 
(wobbles, mismatches, biotin-, digoxygen- or fluorescence labelling etc.). 

The amplified rRNA regions were subsequently subjected to an elongation 
process. 

B_=. Elongation of the amplif icates : 

For elongation of the amplified spacer sequences, oligonucleotides were 
used as sequencing primers, which are universally preserved or at least 
present in all target organisms within the group to be detected. After 
elongation with a polymerase - omitting one of the four natural nucleoside 
triphosphates or in the presence of a terminator nucleoside triphosphate 
(e.g. ddNTP) - products of different characteristic lengths were obtained. 

For the elongation the following sequencing primers present in each case 
were used, which are complementary to 16S rRNA sequences, which are 
universally present in all bacteria (bacteria and archaea) (cf . also D.J. 
Lane op. cit. ) : 
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109r: SEQ ID NO 5 (109rl) and SEQ ID NO 6 (109r2) 
685r: SEQ ID NO 7 (685rl) SEQ ID NO 8 (685r2) , 
SEQ ID NO 9 (685r3) . 



For the elongation process, two further differently-labelled sequencing 
primers were used, 1475r s (SEQ ID NO 10) and 1475r h (SEQ ID NO 11) . 

14 75r s is - within the sepsis inducers - specific for the group of gram- 
positive cocci. 14751^13 - within the sepsis inducers - specific for the 
group Haemophilus . 

The corresponding 16S rRNA sequences were selected, as very divergent 
sequences are present directly adjacent, i.e. sequences that can be used 
for a species-specific differentiation of microorganisms (bacteria) . 

For sequencing primer 109r the nucleoside triphosphates dGTP, dCTP, dTTP 
were used either alone or with the addition of ddATP (as indicated in Table 
1) . If dGTP, dCTP, and dTTP are used either alone, the values indicated in 
Table 1 are to be reduced by one nucleotide unit. 

For sequencing primer 685r the nucleoside triphosphates dATP, dCTP, dTTP 
were used either alone or with the addition of ddGTP (as indicated in Table 
1) . If dGTP, dCTP, and dTTP are used either alone, the values indicated in 
Table 1 are to be reduced by one nucleotide unit . 

For sequencing primer 1475r the nucleoside triphosphates dGTP, dCTP, dTTP 
were used either alone or 'with the addition of ddATP (as indicated in Table 
1) . If dGTP, dCTP, and dTTP are used either alone, the values indicated in 
Table 1 are to be reduced by one nucleotide unit. 

The elongation reactions were carried out under conditions generally known 
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to the person skilled in the art (cf. e.g. Fu et al . , loc . cit . ) . 

The oligonucleotide elongates obtained with the above-mentioned primers are 
indicated in Table 1 below. 

In the present example, the elongates were detected by fluorescence 
detection or mass spectrometry. Clear differentiation between Pseudomonas 
aeruginosa (elongates of 10 and 4 bases) and Haemophilus influenzae 
(elongates of 6 and 3 bases) was possible (see Table 1) . 

The set of data obtained using the primers 10 9r and 685 r according to 
Example 2 did not initially make it possible to clearly differentiate 
between Staphylococcus aureus and Staphylococcus epidermis. This is however 
indispensable and was achieved by the additional use of the group-specific 
primer 1475r 3 . Differentiation of the two Haemophilus species was also 
possible by using the primer 1475r h (cf. Table 1). 

The results represented in Table 1 show that, when the sequenc- specif ic 
primers are used, characteristic elongates are obtained, which allow 
differentiation between different inducers. 

The species listed in Table 1 cover ca. 80% of all typical sepsis cases 
(Geerdes-Fenge et al . (1994) Chemother. J. 3, 131-143). Detection of sepsis 
is thus possible using only three sequence-specific primers, preferably 
109r, 685r and 1475r. 



WO 01/07648 PCT/EP99/05234 

-24- 



Table 1 : Sequence-specific oligonucleotide elongates within 16S rRNA 
regions 



Species 


Primer 1 09^, 


Primer 685r b) , 


Primer 1475r c) , 




ddA terminator 


ddG terminator 


ddA terminator 




length of the elongate 
(bases) 


length of the elongate 
(bases) 


length of the elongate 
(bases) 


Gram-positive Cocci 








Staphylococcus aureus 


9 


5 


6 s 


Staphylococcus epidermidis 


9 


5 


5 s 


Streptococcus pneumoniae 


5 


5 


7 s 


Sreptococcus pyogenes 


7 


5 


62 s 


Enterococcus faecalis 


8 


2 




Gram-negative Cocci 








Neisseria meningitidis 


1 


2 




Enterobacterial gram-negative rods 








Escheria coli 


6 


5 




Escheria spec. 


13 


5 




Proteus spec. 


13 


3 




Gram-negative flagellated Pseudonomads 








Pseudonomas aeruginosa 


10 


4 




Pseudonomas fluorescens 


12 


19 




Pseudonomas mendocina 


9 


4 




Pseudonomas syringae 


13 






Pasteurellaceae: grain-negative unflagellated 








rods 








Haemophilus influenzae 


6 


3 


5 b 


Haemophilus ducreyi 


6 


3 




Obligate anaerobic gram-negative rods 








Bacteroids spec. 


13(14)** 


6 





a> Mixture of 109rl and 109r2, b) mixture of 685rl, 685r2 and 685r3, c> mixture of 1475^ and 1475? 
(14)**: Only one isolate in this relatively heterogenous species produces this elongate length. 
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Claims : 

1. Method for the species-specific detection of prokaryotes or eukaryotes 
using nucleic acid amplification techniques, characterized in that the 
following steps are carried out: 

a) Amplification of the DNA from biological samples using a nucleic 
acid amplification technique, 

wherein a region of the DNA is amplified, which is limited by 
preserved sequences, using amplification primers which contain the 
preserved sequences, 

b) Addition of a sequencing primer to the amplif icates , which 
hybridizes with a range within the amplified sequences, which is 
preserved in the case of the prokaryotes or eukaryotes to be 
detected, wherein the sequencing primer is selected so that 
different elongates are obtained for the prokaryotes or eukaryotes 
to be detected in each case, if a chain termination polymerization 
process is carried out, wherein 1, 2, or 3 of the four possible 
dNTPs are used, or one of the four possible dNTPs is replaced by a 
chain termination NTP. 

c) Determination of the length of the elongates obtained, 

wherein the prokaryotes or eukaryotes are detected by matching the 
elongates obtained with the elongates to be expected for the 
prokaryotes or eukaryotes in question based on their sequence, 

d) wherein one or more further sequencing primers are possibly used, 
which hybridize with one region/regions within the amplified 
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sequences, which are preserved in the case of the prokaryotes or 
eukaryotes to be detected, 

wherein the further sequencing primer (s) is/are chosen so that, for 
the prokaryotes or eukaryotes to be detected, different elongates 
are obtained in each case, if a chain termination polymerization 
process is carried out, wherein 1, 2, or 3 of the four possible 
dNTPs are used, or one of the four possible dNTPs is replaced by a 
chain termination NTP, 

and wherein, by the use of the further sequencing primer/sequencing 
primers for the prokaryotes or eukaryotes to be detected, different 
elongate patterns are obtained in each case, 

e) Determination of the length of the elongates obtained, 

wherein the prokaryotes of eukaryotes are detected in that the 
elongate patterns obtained by the use of several sequencing primers 
match with the elongate patterns to be expected for the prokaryotes 
or eukaryotes to be detected on the basis of their sequence. 

2. Method according to Claim 1, characterized in that before the 
amplification, enrichment, concentration and/or multiplication of the 
prokaryotes or eukaryotes and/or isolation and/or enrichment of the DNA 
is carried out . 

3. Method according to Claim 1 or 2 , characterized in that a nucleic acid 
amplification technique is chosed from the group consisting of PCR, 
bDNA, LCR, 3SR, SDA or NASBA. 
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4. Method according to Claims 1 to 3 , characterized in that several 
sequencing primers are used and, during the chain termination reaction 
of the four possible dNTPs, one is replaced by a chain termination NTP, 
wherein the polymerization is carried out in the presence of all the 
sequencing primers, wherein the sequencing primers in each case bear 
different labellings. 

5. Method according to Claims 1 to 4, characterized in that the sequencing 
primer (s) has/have a length of 15 to 3 0 nucleotides. 

6. Method according to Claims 1 to 5 , characterized in that the chain 
termination NTP is dideoxyribonucleoside triphosphate (ddNTP) , 3'0- 
methyl-NTP or 3 ' -amino-NTP . 

7. Method according to Claims 1 to 6, characterized in that the length of 
the elongates is determined by means of electrophoretic methods, by 
mass-spectrometric detection or by fluorescence- correlation 
spectroscopy. 

8. Method according to Claim 7, characterized in that the length of the 
elongates is determined by matrix-assisted laser desorption ionization 
time of flight spectroscopy (MALDI-TOF spectrometry) . 

9. Method according to Claims 1 to 8 , characterized in that the DNA region 
is the amplified rDNA spacer region. 

10. Method according - to Claim 9, characterized in that the DNA region is 
the rRNA spacer region. 

11. Method according to Claims 1 to 9, characterized in that the primer 
pair according to SEQ ID NO 1 and 2 or the primer pair according to SEQ 
ID NO 3 and 4 is used as amplification primers. 
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12. Method according to Claims 1 to 11, characterized in that at least one 
chain termination polymerization process is carried out and the 
sequencing primer (s) selected from the group consisting of sequencing 
primers according to SEQ ID NO 5 , 6, 7, 8, 9, 10 and 11. 

13. Method according to Claims 1 to 8 , characterized in that it is a method 
for the species -specific detection of eukaryotes and the amplified DNA 
region is the cytochrome b gene from mitochondria. 

14. Method according to Claims 1 to 12, characterized in that it is a 
method for the detection of sepsis inducers, wherein the biological 
sample is blood and the organisms are chosen from the group consisting 
of Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus 
pneumoniae, Streptococcus pyogenes, Enterococcus faecalis, Neisseria 
meningitidis, Escherichia coli, Enterobacter spec, Proteus spec, 
Pseudomonas aeruginosa, Pseudomonas fluorescens, Pseudomonas mendocina, 
Pseudomonas syringae, Haemophilus influenzae, Haemophilus ducreyi and 
Bactericides spec. 

15. Method according to Claim 14, characterized in that blood is introduced 
into a suitable quantity of lysis buffer by mixing one part by volume 
of blood with 4 parts by volume of lysis buffer, wherein the lysis 
buffer consists of 109.5 g (0.32 M) sucrose, 1.221 g (lOmM) Tris-HCl, 
10 ml (1%) Triton X-100, 1.016 g (5 mM) MgCl 2 to 1000 ml distilled water 
(pH 7.5), the mixture is then incubated at room temperature for 5 
minutes, and then layered over a suitable quantity of a buoyant density 
solution in a centrifuge tube wherein 10 0 ml of the buoyant density 
solution is consists of 10 ml (1.5 M) NaCl solution (87.6 g NaCl to 
1000 ml), 49.2 ml Percoll with a density of 1.13 ± 0.005 g/ml, and 40.8 
ml distilled water and, at 1500 g, centrifuged at room temperature for 
30 minutes, the pellet is preferably then washed twice with 0 . 15 M NaCl 
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solution at room temperature, pelleted at 1500 g, and the bacteria 
pellet re-suspended in TE buffer is subsequently digested with 
proteinase K at 56 °C for 2 hours and the proteinase K is then 
inactivated at 95 °C for 15 minutes, and the lysate obtained is then 
either used directly in a nucleic acid-amplification technique, or 
further purification is first carried out using e.g. a purification 
system based on a glass matrix for decomposition of bacteria, and/or 
elimination of inhibitors of the amplification. 

16. Method according to Claims 1 to 10, characterized in that it is a 
method for the detection of protozoa, wherein the biological sample is 
blood and the eukaryotes are chosed from the group consisting of 
flagellates, amoebas, sporozoa and ciliates. 

17. Method according to Claims 1 to 11, characterized in that it is a 
method for the detection of salmonella, wherein the biological sample 
is meat or meat juice and the prokaryotes are salmonella. 

18. Method according to Claims 1 to 10, -characterized in that the 
biological sample is fish spawn and the eukaryotes are fish. 

19. Use of a method according to Claims 1 to 15 in medical diagnostics. 

20. Method for the preparation and/or concentration of bacteria, 
characterized in that a biological sample is possibly introduced into 
buffer and non-bacterial cells present subjected to lysis using from 1 
to 20 wt.% Tween® (polyoxyethylene derivatives of sorbitan esters), 
Triton® or 3- [N- (3 -cholanamidopropyl) -dimethylammonio] -1-propane 
sulphate (CHAPS) and incubation at room temperature for 5 minutes, the 
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raixture is then layered over a suitable quantity of a buoyant density 
solution with a density of 1.07 g/ml in a centrifuge tube and, at 1500 
g, centrifuged at room temperature for 30 minutes, whereby the bacteria 
are obtained in a pellet and/or enriched. 

21. Method according to Claim 20, characterized in that the pellet obtained 
is further washed twice with 0.15 M NaCl solution at room temperature, 
pelleted at 1500 g. 

22 . Method according to Claim 20 or 21, characterized in that a buoyant 
density solution is used, of which 10 0 ml consists of 10 ml (1.5 M) . 

NaCl solution (87.6 g NaCl to 1000 ml), 49.2 ml Percoll with a density . ; 

of 1.13 + 0.005 g/ml and 40.8 ml distilled water. 

23. Method for the isolation and/or enrichment of bacterial DNA, 
characterized in that a method according to any one of Claims 2 0 to 22 
is implemented and the bacteria in the pellet are then subjected to 
lysis. 

24. Method according to Claim 23, characterized in that lysis is carried 
out, wherein the bacteria pellet is re-suspended in TE buffer and 
digested with proteinase K at 56 °C for 2 hours and the proteinase K is 
then inactivated at 95°C for 15 minutes whereby a lysate is obtained, 
in which the bacterial DNA is contained. 

25. Method for the species-specific detection of prokaryotes or eukaryotes 
using nucleic acid amplification techniques, characterized in that a 
method according to Claims 2 0 to 2 4 and subsequently a method according 
to Claims 1 to 14 is carried out. 
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26. Kit for the implementation of a method according to Claims 20 to 22, 
characterized in that it contains: 

a) lysis buffer containing 1 to 20 wt.% Tween® (polyoxyethylene 
derivatives of sorbitan esters), Triton® or 3-[N-(3- 
cholanamidopropyl) -dimethylammonio] -1-propane sulphate (CHAPS), 

b) centrifuge pipes and 

c) buoyant density solution with a density of 1.07 g/ml . 

27. Kit according to Claim 26, characterized in that the lysis buffer 
consists of 109.5 g (0.32 M) sucrose, 1.221 g (10 mM) Tris-HCl, 10 ml 

(1%) Triton X-100, 1.016 g (5 mM) MgCl 2 to 1000 ml distilled water (pH „. - 

7.5) , 

28. Kit according to Claim 20 or 27, characterized in that the buoyant . ■ .j 
density solution consists of 10 ml (1.5 M) NaCl solution (87.6 g NaCl 

to 1000 ml), 49.2 ml Percoll with a density of 1.13 + 0.005 g/ml and 
40.8 ml distilled water (per 100 ml buoyant density solution). 

29. Kits for the implementation of a method according to Claim 23 or 24, 
characterized in that it contains, in addition to the components of a 
kit according to Claims 26 to 28, components for the decomposition of 
bacteria and for DNA purification. 

30. Kit according to Claim 29, characterized in that it contains Proteinase 
K. 
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31. Kit for the implementation of a method according to Claims 1 to 18, 
characterized in that it contains 

a) vessels and components for the implementation of a NAT, including 
the amplification primer, wherein the amplification primer contains 
sequences which are preserved in the case of the prokaryotes or 
eukaryotes in question to be detected, 

b) vessels and components for the implementation of one or more chain 
termination polymerization processes, including one or more 
(possibly labelled/differently labelled) sequencing primers 
(preferably with a length of 15 to 3 0 nucleotides) , which hybridize 
with a region within the sequences to be amplified, which is 
preserved in the case of the prokaryotes or eukaryotes to be 
detected, and 

c) components for determination of the elongate length. 

32. Kit according to Claim 31, characterized in that it contains, for the 
implementation of the chain termination polymerization, either 1, 2 or 
3 of the four possible deoxyribonucleoside triphosphates (dNTPs) with 
one of these dNTPs being replaced by a chain-termination 
deoxyribonucleoside triphosphate . 

33. Kit according to Claim 32, characterized in that the chain- termination 
deoxyribonucleoside triphosphate is a ddNTP, 3 ' O-methyl-NTP or 3'- 
amino-NTP. 
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34. Kit according to Claims 31 to 33, characterized in that the components 
for determination of the elongate length include devices and means for 
implementation of an electrophoretic method, a mass-spectroscopic 
method or fluorescence-correlation spectroscopy. 

35. Kit according to Claims 31 to 34, characterized in that it additionally 
contains the components of a kit according to Claims 2 5 to 29. 

36. Kit according to Claims 31 to 35, characterized in that it is a kit for 
the detection of prokaryotes, which contains two highly-preserved 
sequences from the rRNA region as amplification primers. 

37. Kit according to Claim 36, characterized in that the amplification 
primers are the primers according to SEQ ID NO 1 and 2 or the primers 
according to SEQ ID 3 and 4 . 

38. Kit according to Claims 36 and 37, characterized in that it contans at 
least one sequencing primer, which is hybridized with a preserved 
region of the rRNA region. 

39. Kit according to Claim 38, characterized in that the sequencing 
primer (s) is/are chosen from the group consisting of sequencing primers 
according to SEQ ID NO 5, 6, 7, 8, 9, 10 and 11. 

40. Kit according to Claim 39, characterized in that it contains a mixture 
of the sequencing primers according to SEQ ID NO- 5 and 6, a mixture of 
the sequencing primers according to SEQ ID NO 7 to 9, and a mixture of 
the sequencing primers according to SEQ ID NO 10 and 11 in one single 
container or separate containers . 
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41. Kit according to Claims 31 to 40, characterized in that it is a kit for 
the detection of sepsis inducers . 
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